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Introduction. 
At  the  time  of  choosine;  the  subject  of  this  thesis,  the  main 
object  in  view  was  a  study  of  the  man-netic  qualities  of  iron  and 
steel  under  various  physical  conditions,  such  as  different 
anneal in.n;  temperatures,  tensions,  compres.- ions,  and  chill ings. 
This  field  has  been  covered  very  thoroughly  and  satisfactorily  in 
the  past  by  numerous  researchers;  but  it  was  thought  that  an 
added  element  of  interest  and  originality  would  be  introduced  into 
the  subject  in  the  method  intended  for  its  investio-ation ;  that  is 
by  incidentally  making  a  comparison  between  the  results  obtained 
on  the  Esterline  permeameter  and  on  the  m.aRcnetic  balance.     The 
latter  were  comparatively  new  instraiments  for  the  kind  of  work 
contemplated,  the  ballistic  methods  form.erl.^,  havinf?  been  most 
prominent  i'^.  this  field.    However  when  we  investigated  the 
magnetic  balance,  we  discovered  that  it  had  never  been  used  since 
it  was  purchased  nor  was  its  operation  understood.    After  we  had 
consulted  various  sources  of  possible  information  concerning  the 
operation  of  the  balance,  the  only  satisfactory  source  was  found 
to  be  an  article  in  a  German  techincal  maprazine.     It  therefore 
w'xs  necessary  for  one  of  us,  who  possessed  a  very  limited 
amount  of  school  Germ.an,  to  make  the  transf^lation.    This  task,  in 
addition  tdi  the  subsequent  one  of  ^ettino:  the  instiauement  in 
practical  operation,  consumed  so  much  time  that  the  original 
object  of  the  investictation  was  nearly  lost  sierht  of  in  the  oper- 
ation of  the  magnetic  balance.     The  latter  was  linaly  accomplish- 
ed however,   but  as  the  time  remainincr  far  experimentincr  was 
necessarily  very  lim.ited,  the  plan  oricrinally  contemplated  was  cut 
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coirpresses  the  magnetic  spherical  contacts  should  tr.e  autonatic 
electro-niacrnetic  compression  be  too  weak  in  cases  of  sr^all  values 
of  induction;  the  latter,  firtherrcore,  r  amounts  to  about  1'"^  ks;. 
v/ith  a  saturated  test  piece.     The  maximum  lengilh.  of  a  test  piece 
between  the  two  vertex-points  shiould  amount  to  rF.4  crn.  and  the 
height  of  the  rounded  ends  to  .?   cm.,  giving  a  clear  lenglhlti  of  bar 
between  the  front  faces  of  thltie  jaws  of  ?5  cm,  and  an  average  lenrcth 
of  ?5.?   cm  or  PTfcm." 

''As  sho^vn  in  the  figure,  the  test-piece  may  also  be  fastened 
in  the  usual  manner  taet^veen  the  clamps  Kq  and  K^  ;  of  these,  two 
pairs  are  furnished  for  standard  round  and  square  pieces.    The 
total  length  of  the  test-piece  must  in  this  case  be  about  ■'?>   cm*, 
making  the  clear  length  rr  cm  or  less.    The  javr^s  as  well  as  the 
clamps  measure  betv;een  their  front  faces  and  the  tips  of  their 
brass«}mobs  just  P  cm.     The  latter  distance  is  determined  by 
m.eans  of  the  divided  m.easurine  rods  accompanying  the  instrument, 
and  this  m;ust  deduct  10  cm.  from  the  clear  length  of  the  test 
piece ." 

"The  jaws  fit  in  the  two  steel  bases  Sj  and  So;  the  upper 
clamips,  and  also  the  upper  halves  of  the  jav/s,  bear  on  a  contact 
surface  of  about  IP  square  cm,  by  means  of  pressure  an  inner  con- 
tact can  be  established  with  the  e:round-out  base-boring;  this 
preEsureis  exerted  on  tv«o  projecting  screv/s  on  the  front  edge  of 
the  base  plate.    However,  it  is  to  be  recom.mended  that  -h^e  ripht'- 
hand  screw  be  removed  and  that  in  its  place  an  acccnpanyinc  brass 
rod  be  put,  the  necessary  pressure  being  furtnished  by  a  wealc  snap 
spring  without  prodi-icing  unnecessary  pressure,  v.'hich  v/ould,  under  a 


■j  nuom;:-  •    ,  ■   C'^ 


ii:i 


plu\     bnd     .':iO     f.'"        '-<■>     ..V\U'>..\^ 


3:vr;r     ^'di;l! 


'■.:.:oTr-    ■;' 


0  i-L'-i  —  :- 


7t    ,'.^.rJ 


:U'.-^r! 


ii.;>,-.;    I'D   <:aii    arij    on«   ':.jo-;.'1    jno'ii   -tier-i.t    n;K*  rir: 

,  -i-^JinL   Sill  •  :'0    "•    '-■';     :;':or!-k:aB^icf 


L-;.aIo 


rn'fitJeb    c:i      on^^J^x. 


fit    ''t :;    n'  +  -?,r(.^I   •i^ofD    ht'I     :v-''i."i    . 


rrr:fi9::i    b-OO/iO      •;;;    'lo    8«:'- 


-j  [jf      '>■'■      L'JO'"! 


the  circuciStances,  influence  the  magnetic  property  of  the  test- 
piece"  . 

"The  "bases  are  screwed  on  their  lower  ends  to  the  brass  base 
plate  "GG"  and  are  risidly  connected  on  their  upper  ends  by  a 
shrunk-on  brass  bridge, "BB".    This  also  carries  an  arrestment  for 
the  knife  edtres  "Q"  of  the  balance  beam  correspond ine:  to  the  yoke, 
"JJ",  which  is  placed  eccentrically  4  cm.  distant  from  the  middle 
of  tne  apparatus.    The  pairs  of  parallel,  polished,  and  well 
centered,  four  circular  faces  of  the  bases  and  yoke  have  about  18 
square  cm.  area  and  enclose  two  air  gaps  of  which  the  widths  should 
be  closely  alike  and  approxim.ate  .Or?  cm.     The  regulating  screw, 
"fi",  of  hard  unoxidized  phosphor-bronze  carries  a  lock  nut  and 
one  V7ith  two  projections  for  the  alicrnn.ent  of  the  protective  cap. 
Tteeee  suspend  the  yoke  by  tv/o  contacts  points  gfter  the  manner  of 
the  teorse  key  v;ith  a  play  of  about  .01  cm.  above  the  regulating 
screw, "R",  and  on  the  left  «rf;  the  indicated  contact  screw, "A"; 
the  latter  prevent  immediate  contact  betv;een  yoke  and  bases." 

"The  making  of  the  yoke  out  of  steel  permits  a  freedom,  of 
shaping  which,  in  the  first  place,  guarntees  a  complete  rigidity 
against  bending,  secondly,  permits  the  finishing  of  the  upper  pait/s 
as  geometrical  guides  for  the  i-iders  "L"  and  "1",  and  thirdly,  by 
means  of  tv^o  balancinp;  weights  '•M]_"  and  "L"r"    is  accomplished  an 
approximate  balance 

A  vertical  adjustable  countervreight ,  "C",  and  a  horizontal 
m:0val)le  one,  "H" ,  serve  for  a  further  ad  juetm.entof  the  balance 
beam..     The  average  cross-section  of  the  ijoke  is  TO  square  cm.,  . 
its  total  weight  8  kn:.,  and  the  remaine:  parts  v/eigh  14  ^kg. 
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"The  steel  parts  are  carefully  annealed  after  workintr  them 
and  in  fact,  like  one  in  the  Royal  institution,  are  usually  raised* 
to  a  red  heat.     It  appears  doubtful  if  one  could  make  the  yoke 
out  of  solid  hardened  steel,  hence  at  its  ends  are  inlaid  steel 
plates  which  v/ith  those  under  the  fo  dee;ree  ground  prisms,  forrc  a 
whole  one;  therefor?  the  sharp  edges  are  purposely  somewhat 
flattened.    By  this  means  and  due  to  the  rigid  ari'angen'.ent  of  the 
yoke  and  brass  bridge  every  variation  in  the  \7idth  of  the  aii'  gap 
is  without  exception  indicated,  upon  v/hich  the  accuracy  of  this 
instrument  depends." 

"Cn  the  u'cper  edge  of  the  yfai  e  is  to  be  found  a  light  quad- 
ratic scale, "TT" ,( in  the  figure  only  a  few  scale  divisions  are 
shov.Ti)  which  actually  carries  tvjo  rov»s  of  ficcures;  the  utjper  rov7 
in  the  black  for  the  heavy  weight"L"  of  65   gri.  ,  the  under  row  i  .n 
\ted   and  five  times  sm.aller  values  correspond^tathe  ?f  times  lisch  ter 
rider, "1",  of  2,6    gra.     These  numbers  multifjlied  by  100  give  the 
induction  in  CO. 3.  units  directly.     The  larger  veifcht  serves 
for  ranges  of  indxjctlon  from  5,ono  C.G.S.  units  upv.ard  and  the 
smialler  one  for  the  sm'aller  inductions,  such  as  are  used  in 
transformer  plates;  for  obtaining  cySlic  curves   for  various 
materials  the  abrve  limits  are  suitable  correspondins;  to  all  aver'a  ee 
claims  able  to  be  made." 

"In  the  maddle  of  the  base  plate  moving  from  front  to  back  is 
a  brass  slide  working  in  a  groove;  on  the  front  end  this  carries  a 
small  knob-like  index  and  behind  it  carries  two  receptacles  in 
which  the  north  poles  of  two  independent,  strong,  vertical 
com.pensating  magnets  can  be  placed.     By  shifting  one  or  both 
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magnets  to  a  suitable  position  a  vertical  component  of  the 
magnetic  field  can  be  put  in  place  of  the  vertical  component  of  the 
earth's  maQ;netic  feild,  sc  that  otherwise  po.-;Sible  fields  have  a 
component  opposing  then.    The  base  plate  also  carries  two 
parallel  cross-slides  on  T7hich  theexciting  coil  slides  easily  so 
that  it  may  be  moved  out  of  its  central  position  between  the  two 
bases.     This  consists  of  an  inner  ccil,"D",  which  is  vfound  ?/ith  l. 
1?  layers  of  ^^^O  turns  of  .1  cmi.  stout  copper  wire;  thuis  is 
surrounded  by  a  brass  tube  which  also  corri*^s  trc  •■jjt'-r  coils, 
"Dr.",  of  ^30  turns  each.     The  two  t>opc.rate-  coils  are  bound  togeth- 
er «nd  arranged  one  after  the  other  so  thi-'.t  the  current  flows  in 
opposition  in  them.    The  current  strength  in  centi-amperes  is 
mun'.erically  the  same  as  the  field  intensity  pi-oduced ;  the  100-fold 
reading  on  jin  am.m.eter  and  on  the  scale  of  the  yol'.e  rives  therefore 
the  (uncorrected)  abscissae  and  ordinates  determininc^  the  induct- 
ion curve". 

"Generally  a  current  rancre  up  to  "  amperes  will  be  sufficient"/ 
Phen  investigating  satur'atian  points  a  cui'rent  up  to  5  amperes  can 
be  employed.    During  the  short  time  necessary  until  the  finish  the 
undue  heating  of  the  coil  should  not  be  permitted.    In  order  to 
prevent  a  possible  rise  in  temperature  of  the  test-piece  a  nozzle 
m.ay  be  added;  this  may  be  fixed  at  the  end  of  the  coil  and  p^rr.its 
the  blast  from,  a  bellows  to  circulate  betvpeen  the  test-piece  and 
inner  coil.    In  order  to  prevent  war-m  air  currents  from  flov/ing 
around  the  yoke  therby,  the  coil  is  cov  red  by  a  sheet  m^etal 
protecting  plate  attached  to  the  br idges , "3B" . 

"The  functions  of  the  balance  can  be  limited  by  the  appli- 
cation of  the  ballistic  method  to  the  closed  yoke;  this  com.mends 
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itself  in  refrions  of  very  v.-eak  ff^lds  where  tie  weicr'ninf  on  the 
quadratic  scale  would  not  be  accurate  enoupth.     For  this  purpose 
two  thin  iron  discs  v/lth  brass  handles  are  provid'='d  which  arc  able 
to  close  up  the  gaps,  and  further  a  coil  which  carries  omly  2'^ 
uniformly  distributed  primary  turns  ko  that  its  fie^c  will  be 
nuinerically  the  same  ac  that  of  the  excitin.o:  current  in  anperes; 
besides  it  may  be  'vound  with  froir.  1000  to  f^OOO  secondary  turns  to 
make  it  available  in  accoi'dance  with  the  sensitiveness  of  the 
ballistic  p;alvanonieter . " 

Description. 
"For  measurements  of  percision,  precautioary  r.easures  are,  of 
course,  to  be  encountered,  of  which,  r-.any ,    for  technieeij.  work,  m.ay 
be  disregarded  without  cateriall3^  affecting  the  results.    To 
avoid  possible  small  influences  of  the  earitlti's  field,  the  balance  t. 
is  placed  lengthwise  east  and  west;  to  guard  against  jarrinsr,  it 
is  well  to  place  three  india-rubber^ under  the  supports.    The 
scale  should  be  placed  on  a  level  v;ith  the  eye.     The  upr^er  base 
faces  are  leveled  by  means  of  an  air  bubble;  the  yoke  is  lifted 
off  and  placec  with  its  back  side  restinfr  on  tvro  su 'ports;  for 
foi-  the  first  adjustnent  the  knife-edcres  are  r.-de  to  rest  on  two  ■ 
small  trlasE  plates  sucpr^rted  eo  the  beam  swings  free;  its  period 
of  swine  is  brought,  by  msaftScf  the  vertical  counter  balance,  to 
30  or  40  seconds  which  usually  will  giv-  sufficient  sensitiveness: 
by  m.eans  of  the  horizontal  counter  balance  the  upper  edge   may  be 
set  approximately  level.    After  cleaning  the  knmfe  edG;es  and  :i^.i^.L 
bearings  the  yoke  nay  be  placed  upon  the  arrest];;ent ;  after  the 
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conclusion  of  every  run  always  make  the  arrestment  and  cover  the 
instrument  with  the  case." 

"The  coil  has  a  resistance  of  about  6  ohms;  v.ith  correct  adjud. 
ment,  the  direction  of  the  current  from  terminal  to  terminal  may 
be  made  the  sam.e  as  the  direction  of  the  field  of  the  inner  coil; 
the  outer  compensatin.e;  ■iTinding;  should  work  in  opposition  as  is 
shov;n  by  a  sm.all  magnetic  needle.     To  the  full  field  ranee'  at  FOO 
C.C.^2.    unitrj  corresponds  a  current  of  P  amperes  under  an  electro- 
motive force  of  '^'^  volts.    Ther'^  should  be  a  vai-iously  graded 
resistance  of  10,000  ohms  at  hand  so  that  a  current  do?m  to  .7    centi- 
ampere  can  be  obtained  without  dif f icul t^,',  to  numerous  corresponding 
fields  and  pcradually  return  as  far  as  desired," 

"/ji  am.meter  and  reversing  key  are  placed  incircuit  so  that  the 
current  can  be  obtained  in  convenient  steps  and  reversed  and 
measured.     In  case  the  ammeter  contains  a  permanent  magnet  it 
m.ust  be  placed  as  far  as  possible  -  at  least  one  m.eter  -  from  the 
balance.     The  same  holds  true  of  articles  of  iron  and  steely  to 
prevent  interference  due  to  induction.     By  continual  increase  of 
resistance  the  tho-roiiprh  dem.agnetization  of  test  piece  and  yoke  is 
effected  by"decreasinQ:  comiiiutationd" ,  as  is  well  knov/n.     Per 
technical  work  involving  small  current  ranges  sim.ple  auxiliary 
apparatus  is  permis.';,ible,  in  pai'ticular  liquid  resistance  and 
cai'-bcn  rheostais  by  means  of  which  tho  resistance  is  regulated  by 
pressure;  these  various  accessories  are  pet  desirable   for'  accurate 
work,  in  that  the  interru.pted  even  inci'ease  or  decrease  of  the  fiel3 
strength  would  ca--se  error," 

"In  consideration  of  the  subject  of  the  test  piece  the  follow- 
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-ing  is  to  be  said.    \iith  solid  soft  material  a  circular  forr:  is 
?!ks  naturally  preferable;  after  tumine;  up,  the  bars  are  ground  to  a 
uniforri.  cylindrical  shape  v,-ith  a  diaiT'eter  of  . """''•  ±.  .(^Ol  cr..    The 
spherical  contacts  according  to  the  before  in.Gntionet  dir;ensions  of 
.F  C" .  radius,  are  turned  up  on  both  ends  with  rough  grinding  on  an 
er-iery  wheel.    Next,  the  convex  faces  are  ground  oc/t  by  rr.eans  of  a 
copper  grinding  sphere  and  emerj'-;  futher  treatment  v.-ith  a  polishing 
po'.rder  will  generally  suffice.    The  spherical  contacts  must  be  '  - 
rounded  off  in  the  afore  r«»itioned  manner.     By  means  of  a  liecht 
coatincT  of  soct  in  a  candle  flange  one  gets  a  convenient  indication 
of  the  excellence  of  the  magnetic  contact  between  the  convex  ends 
of  the  test  piece  and  the  concave-crround  jaws,  in  which  by  light 
contact  the  thin  unifoi-m  layer  of  soot  is  rubbed  off." 

"The  spherical  contacts  are  not  only  to  be  perfei-red  theo- 
retically but  the  follovj-ing  practic•'^l  facts  are  also  noteworthy: 
The  test-piece  centers  itself  entirely  automatically  even  when 
slightly  bent  as  occurs  in  hard  steel,  whatever  its  cross-section 
is.     The  spherical  contacts  were  given  a  rinrid  test  by 
Hrti.  Fopplln  iv.unich  technical  laboratorj;-  reducing  to  what  is 
desired  in  many  m^agnetic  determinations.     There  was  finally 
proved  a  saving  of  material  as  opposed  to  the  use  of  the  clamps 
requirinp:  a  total  length  of  "?   cm." 

"Next  the  use  of  the  com.pensating  :agnet  is  to  be  follovsed. 
For  this  latter,  a  rod  of  soft  material  is  clamped An«[  the  induction 
for  a  high  field  stpencrth  -  about  IFO  C.C-.3.  units  -  with  the  heavy 
rider  is  read  off,  whereby  appears  «.  difference  of  about  400  C.G.S. 
units  between  both  directions  of  induction.    After  ten  prelira- 
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-inai-^y  conirriutations ,  one  or  "both  mastnets  are  placed  in  the  vec^t- 
acles  and  these  adjusted  alons:  the  scale  divisions  so  that  the 
inequality  of  the  readinfrs  dissappears.    Hereby  one  must  guard 
against  possible  residual  inaQ;netisri  of  the  test  piece  in  conse- 
quence of  previous  strong  magnetization." 

"x^or  the  benefit  of  the  exact  control  of  the  zero  poiAt,  it  i.-^ 
r'ell  to  demafrnetize  the  whole  apparatus  thoroupchly  and  in  behalf  of 
certainty  repeat  the  action  once  more  \rith  the  test  bar  alone,  in 
rhich  case  the  coil  is  moved  out;  with  good  soft  material  this  is 
accomplished  without  troi^ble,  the  induction  beinp:  held  under  the 
value  of  1^0  C.G.3.  unitr..    Under  this  condition  (thoroup;h  demag- 
netization) in  case  both  riders  are  exactly  at  zero  the  j^oke 
should  ir.med lately  become  loosened  from,  the  right  hand  regi^lating 
screw,  "R"  ,  otherwise  correction  m.ay  be  made  by  counteriveight ,  "H"  . 
This  loosening  is  shown  by  means  of  a  sm;all  slit  observed  by  the 
eye  or  by  touching  with  the  finger  tips,  and  is  a  sharp,  well 
defined  balance  criterion,  gen-^rally  decisive  for  ^ill  i-ead ings. 
(it  is  well  to  place  a  piece  of  v/hite  card-board  behind  the  balance) 

The  erroi'  of  current  m.easui-ement  must,  of  course,  not  exceed 
the  limit  of  error  set  for  the  induction;  accordingly,  temperature 
cori'ections  for  the  ammeter  are  t  be  considered. 

V.'ith  regard  to  the  balance  itself  it  barely  approaches  room 
temperature;  with  the  extension  of  th"  field  range  above  IffO  C.C-.S. 
units  it  is  well  to  employ  the  blast  funnel. 

The  treatment  and  magnetic  history  have  an  influence  on  the 
general  characteristics  to  follow;  in  particular  for  obtaining 
cyclic  induction  curves  at  least  ten  of  the  same  range  of  cyclic 
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measurements  shrulcl  be  taken,  of  which  use  should  be  rade  of  only 
the  least  t\vo .     The  coirpensatin/T  masnet  is  always  to  be  coir.mended 
for  the  deteriranation  of  a  complete  hysteresis  loop  of  40  to  GO 
points  for  the  desired  accuracy*  The  average  is  then  obtained  from 
tiie  positive  and  ne;;ative  halves.     Sometirr.es  doubt  arises  os    to 
interpretation  of  a  i-eadintr  on  the  quadratic  scale  as  to  whether 
it  is  positive  or  negative,  \7hic'r  becomes  evident  from  the  fact 
that  one  of  the  two  points  representinp;  the  observation  falls 
entirely  outside  the  curve." 

If  the  standard  cross-section  of  half  a  square  centimetre 
cannot  be  obtained,  the  observed  value  of  induction  is  to  be  divid- 
ed into  double  the  cross  section;  the  latter  should  in  no  cajevary 
over  1  per  cent  from  the  normal  value." 

"In  the  large  fi-ee  space  between  th.e  protection  plate  and  the 
base,  many  other  arrangem.ents  can  be  put  in  place  of  the  exciting 
coil,  as,  for  example,  in  investigations  for  the  effect  of  high 
and  low  temperatures,  of  t'r'^nsion  or  con-ipression  on  the  magnetic 
qualities  of  the  test  piece,  of  which  the  length  can  be  reduced  to 
2]T  centimeters." 

"Thus  for  different  purposes  it  lends  itself  to  the  nature  of 
the  investigation  unrestricted  by  hai^d  and  rieid  construction". 

The  above  description  and  use  of  the  magnetic  balance  covers 
all  the  important  points;  the  math^.atiizal  theory  of  the  instru- 
ment will  not  be  given  here  but  it  may  be  obtained  from  the  same 
article  previuosly  refetred  to. 

The  description  mentions  two  com.pensating  magnets  but  the 
balance  used  in  this  worlc  v^s   provided  with  onlv  one.     This  tsbot^' 
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one  mag-net  was  not  quits  strdnc  enough  for  its  purpose,  though  it 
v.T.s  stroerlj"^  iragnetizecl  several  times.     Hence  v;e  used  a  more 
powerful  bar  masnet  in  place  of  the  one  provided  and  this  proved 
satisfactory.     The  method  of  ad  Justine:  the  compensatinp;  magnet 
might  be  made  a  little  clearer,  possibly,  than  is  given  in  the 
description.    A  magnetizine  current  of  from  one  to  one  and  a 
half  amperes  is  sent  throufjli  the  coil.'   The  heavy  ridex'  is  placed 
en  the  rificht  hand  end  of  the  scale  and  slid  tov/ards  th^  left 
until  the  point  of  balance  is  reached  as  indicateo  by  the  parting  cf 
trie  fac^  of  the  yoke   from  the  right-hand  screw,  "P".     Then  the 
cur-rent  is  reversed  several  times  and  left  flowing  in  the  direction 
opposite  to  what  it  was  before.     The  above  operation  is  repeated 
'and  the  point"  of  balance  as  read  on  the  scale  will  be  the  same  for 

both  directions  of  magnetisation  if  the  mafrnet  is  properly  adjusted. 

u. 

ILhis^ie  sj.m.ply  a  m:atter  of  tri-^l  and  is  sometinps  very  tedisaisi 

The 'position  of  the  magnet  was  adjusted  foi-  each  individual  test-i 
, ''piece.  •   Sometimes  the  particular  position  th?  magnet  v;"s  in  was 
correct  foi'  several  test  pieces  and  then  in  '^^rror  for  some  oth'?'r 

test-piece.    This  may  have  been  due  to  a  change  in  the  r.a(=cnetic 
field  surrounding  the  instrum.ent,  though  all  pieces  of  iron  were 
kept 'at  fixed  distances  during  a  run  in  order  to  preser-^re  constant 
m.agnetic  conditions  a,s  far  as  posrrible.     The  change  miffht  possibly 
have  been  due  to  a  difference  in  t-est  pieces  also. 

Cne  important  point,  as  we  scon  found,  that  was  not  mentioned 
in  the  article  referred  to,  was  the  method  of  moving  the  heavy 
rider  alon^  the  scale.     To  get  consistent  results  it  was  necessa:^ 
for  one  of  us  to  read  the  point  of  balance  and  t'ae  other  to  miove 
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the  v<eia:ht  alonpc  the  scale.    First  we  tried  movinp;  it  with  the 
finger  and  then  by  tapping;  it  with  the  end  of  a  pencil.    Both  of 
these  methods  ^ave   faii-ly  constant  results  but  t'le  points  of 
balance  as  determined  by  them  did  not  agr-e.    As  the  balance  v/as 
very  sensitive  near  tne  point  of  eqiiilibrium  a  slight  downv/ard 
coiDponent  of  a  tap  on  the  v/eight  would  of  course  tip  the  yoke  a 
little  too  scon.    In  order  to  obtain  a  unifoim  method  of  moving 
the  weight  by  pushing  or  ta^jping  it  in  a  horizontal  direction,  two 
upright  pieces  of  v/ood  v/ith  holes  boreiS  horizontally  through  their 
uT'per  ends  were  nailed  to  the  table  ^several  inches  apart  and  a  few 
inches  fi-om  the  richt  hand  end  of  the  balance.     Through  these  hofe 
slid  a  copper  rod  of  sufficient  length  to  enable  the  ridei'  to  be 
pushd:d  to  the  zero  position  on  the  scale.     This  rod  might  have 
b^en  of  any  non-magnetic  substance.    By  means  of  this  arrangem.ent 
very  delicate  manipulation  v;as  possible  and  points  of  balanqo  could 
be  made  to  check  eahh  other  as  close  as  it  was  possible  to  read  the 
scale;  Cf  course  the  position  of  the  compensatinE^  m.agnet  hed  a 
?i  good  deal  to  do  v/ith  this.    Further,  by  using  this  rod  for 
moving  the  rider,  the  whole  apparatus  could  be  operated  by  one 
person  if  necessary.     To  lessen  the  fatigue  of  the  eyes  in 
watching  for  the  point  of  balance,  s    small  pocket  lens  was  placed 
in  front  cf  the  right  hand  screw, "R",  where  the  break  cccured  at 
the  point  of  balance.     When',  the  point  of  balance  was  out  at  the 
left  hand  end  of  the  bean  the  sensitivenss  of  the  instrument  w?s 
increased.    Hence,  as  is  suggested  in  the  description  of  the 
instrument,  the  small  rider  alone  was  used  for  t'.ic  values  of 
inductio-nbelow  FO^O;  this,  of  course,  corresponded  to  the  point 
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marked  ^''^   on  the  top  scale  .     By   placinf?:  the   larse  rider  at  zero 
and  inovinfT  the  sn;allone  alonp'  the  scal^  from  ritTht  to  left  with  the 
finger,  the  point  of  balance  could  he  accurately  obtained;  the 
readinfz:  on  the  upper  scrJe  divided  by  five  gave  the-  coi-rect  scale 
reading  when  usincc  the  small  rider.     It- was  no  L  ncctsj^ary  to 
use  the  sm.all  rider  for  more  than  two  or  thi-ee  points  when  deter- 
mining a  hysteresis  loop,  and  sometimes  it  was  unnecessary  to 
use  it  at  c.ll . 

As  the  maximum,  value  of  field  strength  that  could  be  obtained 
on  the  per^ar.eter  vyns  I'^O  G.G.S.  units,  the  sar.e  lim.it  was  put  en 
th^  fielc  sti'enffth  when  \f¥tfn   using  tne  balance  in  ordei'  to  reduce 
the  results  to  the  sam.e  basis.    A  field  strength  of  100  c.G.S. 
units  with  the  balance  corresponds  to  a  current  strength  of  ane 
ampere.    The  melbhod  of  obtainin,e:  the  unbi'oken  current  steps 
necessary  for  a  hycteiesis  loop  is  indicated  inthe  connections  foi- 
the  balance  on  Plate  "^ .     The  most  satisfactory  form  of  variable 

res/5**'*  "^"^ 

^was  found  t--  be  that  shown;  that  is,  ten  ?r  C.P.  lamps  in  parallel 
with  a  short  cit-ciuting  switch  across  thsm.,  and  in  sereis  with  the 
lamoE  a  75  ohn;  field-rheostat.     By  use  of  four  storarje  cells  in 
series,  a  com.plete   curi'^ent  range   from  zero  to  one  am.pere  could  be 
obtained  in  as  finely  graded  steps  as  it  v;as  possible  to  read  on 
the  ammeter.     The  amineter  v/as  a  Sieniens  and  Kalske  m.il-amr^eter 
graduated  up"to  IF'^;  it  was  provided   with  "  ampere  and  '7.5  ampere 
shunts  of  *hich   the  use  of  the  former  r.ade  it  only  necessary  to 
multiply  the  am.metei-  readings  by  two  in  ordei'  to  obtain  S.6.S. 
UNITS  directly.     By  limitina;  the  maximum  current  to  one  ampere 
abmormie.l  heating  of  the  coil  and  test  piece  was  prevented  and 
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hence  the  use  of  the  blast  funnel  mentioned  in  the  descrintion  v/as 
not  needed;  as  a  test  five  amperes  was  found  to  heat  up  the  coil 
and  the  test  piece  consideratly  so  that  under  this  condition  a 
coclinp;  device  of  sonie  sort  would  undoubtedly  havr  to  be  used. 
The  operation  of  the  pei^^eametei'  will  not  be  discussed  for 
reasons  already  eiven  but  a  few  facts  bearing  on  theauxillary  appai=- 
atus  v/ill  be  mentioned.     The  main  thing,  in  usj.ng  the  pereameter, 
is  to  hold  the  speed  constant  at  17rO  R.P.:.;.  at  which  sp"ed  the 
milli-voltmeter  v;as  calibrated.     It  v;as  figured  that  by  using  a 
seven-spot  disc  on  the  motor  shaft,  a  speed  of  I'^FO  H.  ■'.!..  would  be 
indicated  by  usine:  a  tuning  fork  of  2''^4  ainsle  vibrations  p-^r 
second,     A  tuning  foi'k  'ith  adjustable  weis:hts  was  therefore 
calibrated  against  a  standard  fork,  for  this  frequency.     Two 
storage  cells:- opera.ted  the  fork  satisfactorily   and  by  pressing 
liffhtly  v;ith  a  piece  of  waste  on  the  rubber  plate  cover  of  the 
pereameter,  the  required  speed  was  readily  obtained.     The 
necessary  exciting  current  of  ten  amperes  v/as  supplied  from,  four 
storage  cells  in  series  as  shov/n  in  the  scheme  of  connection  for 
the  pereameter  on  Plate  "^ .    A  carbon  rheostat  and  amm.etei-  were 
placed  in  circuit  with  the  battery.     A  switch  on  the  pe^ameter 
makes  it  possible  to  read  the  cmrrent  on  th^  milli-vol tmeter ;  but 
to  avoid  throwing  the  switch  for  each  reading,  an  ammeter  was  used. 
This  ammeter  was  calibrated  twice;  the  10  ampere  point  accordine:  to 
the  first  calibration 'was  10.24,  and  accord  ine:  to  the  second 
calibration  several  w'-eks  later  it  was  9,0o.  Lost  of  the  data 

on  the  pereameter  was  taken  with  the  second  calibration  and  the 
amimeter  was  not  used  for  any  other  purpose. 
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One  rather  serioup  fault  we  found:  vith  th^  pereaT.etcr,  for 
Vvhich  v/e  could  find  no  practic9.1  reniedy,  v/as  the  impossibil  tj'-  of 
obtaining  those  portions  of  the  hystersis  loop  occurring  in  th° 
second  and  fourlhli  quadrants.     To  i~_lasti-ate  this:  vhen  the  point 
^  -^--'  N  was  reached  en  thr  curve  MM,  the 

magnetizino:  turns  v/ere  zero  but  there 
were  still  some  compensatine-  turns  stil 
in,  dppendins-  on  the  residual  flux. 
Upon  reversing  the  ctirrent  to  obtr;.in  ffe 
curve  in  the  second  quadrant,  it  was 
found  that  the  bar  beine:  tested  was  rapidly  demagnitized  though  no 
magnetizing  tmrns  were  in  circuit.     Evidently  this  demaprtizinG; 
effect  was  produced  by  the  compensatinfr  turns.     Reducino;  the  comp- 
ensating turns  to  zero  did  not  help  matters  either  and  as  ther-  was 
no  way  of  reversing  the  curi-ent  separately  in  the  conpensating 
turns,  it  was  decided  to  omit  those  portions  of  the  curve  in  the 
second  and  the  fourt'i  quadrants.    After  taking  the  reading  at  a 
point  "N"  therefore:  the  conipensatinR:  turns  v/ers  reduced  to  zero, 
current  was  reversed  and  magnetizin??:  turns  were  cut  in  until  the 
flux  was  reversed  as  indicatedby  the  direction  of  the  milli-volt- 
ipmter  deflection,  and  the  curve  "C?"  v/?,s  obtained.     The  dotted 
portion  of  the  curve  "NO"  was  simply  filled  in.     Just  the  portion 
of  the  curve  "i.iMCP"  was  obtained  on  either  the  magnetic  balance  or 
the  pereameter;  the  other  half  was  assumed  to  be  symimeterical  as 
was  proved  several  times  on  both  instruments,  the  balance  in  partio- 
ular  proving?  that  the  second  half  of  the  curve  was  nearly  equal  to 
or  identical  with  the  first  half,  on  several  occasions. 
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The  test  pieces  for  both  balance  and  pereameter  were  of 
cylind||rlcal  bar  form.    For  the  balance  they  were  ?Z   cm.  or  13 
inches  long  and  finished  to  a  diameter  of  .'^^^P  cm.  or  .314  inches. 
For  the  pereameter  the  bars  were  10  inches  long  and  finished  to  a 
diameter  of  .575  inches.     It  might  be  mentioned  here  that  both 
instruirents  have  means  of  testing  sheets  of  iron  as  well  as  bars. 
The  materials  tested  for  magnetic  qualities  were  wrought  iron,  soft 
steel,  and  cast  steel  or  tool  steel,  the  letter  being  very  hard. 
With  the  exception  of  one  piece  all  the  samples,  tv/elve  in  number, 
were  so  cut  up  that  the  same  material  was  taken  from  the  same  bar, 
in  order  that  the  structure  and  composition  might  be  as  hom.ogent)us 
as  possible  for  a  given  material. 

In  order  that  the  cast  steel  mie-ht  be  machined  it  was  raised  to 
almost  a  v/hite  heat  and  then  covered  with  lime  and  left  to  cool  for 
?4  hours. 

The  wrought  iron  and  soft  steel  were  machined  v/ithout  this 
annealing.     The  heating  due  tc  machinine:  v;as  kept  moderate  by 
dropping  water  oh  the  test  piece  wMle  being  turned.    Test-pieces 
intended  for  tension  tests   were  miade  several  inches  longer  than 
those  for  the  temperature  tests,  so  that  the  jaws  of  the  testing 
machine  would  not  scar  the  surfaces  of  the  test  pieces  where  good 
mapinetic  contact  was  necessary  in  the  instrum.ents.    WhcfB  the  test 
pieces  were  tuimed  up  they  were  placed  on  a  somewhat  equal  starting 
baSts  by  heating  them  up  to  1400  degrees  Faherenheit  and  plunging 
them  in  water.     This  temperature  brought  the  samples  to  a  dull 
red  heat  and  the  chilling  made  them  sufficiently  hard  to  start 
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annealing  tests  with.     After  this  chilling  all  the  samples  were 
tested   on  the  magnetic  balance  and  peijeameter  in  order  to  obtain 
the  initial  set  of  B-H  curves.    As  stated  before,  there  were 
tv/elve  samples  in  all;  a  temperature  test-pa;eco,  and  a  tension  test- 
piece  for  each  of  the  three  m:aterials,  or  six  samples  for  each 
instrum.ent. 

The  plan  followed  in  the  annealing  process  was  to  heat  the  six 
annealing  samples  at  a  certain  temperature  fortv/o  hours,  after 
which  the  sam.ples  were  tested.    Again  they  were  heated  for  two 
hours  more  at  the  same  temperature  and  again  tested.    This  second 
heating  for  tv;o  hours  was  the  same  as  heating  steadily  at  that 
temperature  for  four  hours,  as  is  stated  in  the  "Proceedings  of  the 
Royal  Society",  volume  64,  page  150,  where  it  says, "The  heating 
need  not  be  continuous;  the  samie  cumulative  effect  is  produced  by  a 
number  of  short  periods  at  a  (jiven  temperature  as  by  continuous 
heating  at  the  same  temperature".     The  annealing  Has  done  in  a 
pas  annealing  furnace  in  the  forge  shop.     To  l<eep,  as  far  as 
possible,  the  sam.ples  from  blistering;  ,  each  was  placed  in  a 
suitable  length  of  iron  pipe  sealed  at  both  ends  with  fdjr^  clay; 
all  six  annealing  samples  were  annealec  together.   After  a  period  cf 
heating  the  samples  were  allowed  to  cool  in  the  furnace,  which  re- 
quired fifteen  or  sixteen  hours.   Tempei'atures  were  recorded  by  a 
Bristol  electric  pyrometer  which  consisted  of  a  platinxxm-iridium. 
couple  connected  to  a  crlibrated  milli-voltmeter , the  latter  indi- 
cating up  to  2000"^  F  ahTfenheit.   The  tensions  applied  to  the  tenshn 
samples  were  obtained  on  a  Riehle  testing  machine  . 

The  plan  followed  out  in  makins;  all  tests  is  given  on  Page  19. 
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Plan  of  Tests. 

Annealing  Samples  (6). 
Annealed  at      Heated  for  Heated  for 

7500  p.        2  hours  (Tested)       4  hours  (Tested^ 

1000   F.        2   hours  (Tested)       4   hours  (Tested) 

1800*^  F.        2   hours  (Tested)       4  hours  (Tested) 

Tension  Sample:  (P). 

Area  balance  sample  -  .0^75  sq.in.   Area  peijlarn.  sample  -  .26  sq.in 

Material       Tension          Actual  load  Actual  load 
lbs. per  sq.in.    Perjfeam.  sample   Balance  sample 

Soft  Steel        5,0^0             1,500  590 

15,000             SjOTi  1,170 

25,000              ^,500  1,950 

50,000             13,000  3,900 

Cast  Steel       11,900             3,000  924 

30,000         .     7,800  2,340 

50,000             13,000  5,900 

90,000             2^,400  8,975 

Wroucrht  Iron      5,000             1,500  590 

10,000              2,8  00  780 

15,000              3; 900  '1,170 

22,000              P.OOO  1  700 
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The  tabulated  resi.ilts  of  the  tf=sts  made  with  the  balance  and 
peneameter  are  given  in  the  data  sheets  followino;.    Froin.  these 
data  were  plotted  the  seventy-two  curves.    In  many  cases,  plotting 
complete  hystersis  |)oops  as  obtained  from  both  instruments,  on    the 
same  curve  sheet,  v/r-uld  have  caused  considerable  confusion.     To 
J(  this,  s  ;  npl.t  the  average  of  each  loop  was  plotted,  the  dotted  curve 
representing  results  obtainedon  the  magnetic  balance  and  the 
continuous  curve  representina;  peijeameter  data.    From  these  avera^ 
curves  were  obtained  the  values  of  permeability  as  tabulated  on 
each  curve  sheet.    The  values  of  permeability  thus  obtained  are 
tabulated  on  the  data  sheets  followins:  the  curves  in  such  a  form 
as  to  facilitate  comparison  of  values  of  permeability  of  a  given 
sample  under  the  various  temperatures  and  tensions. 

With  reference  to  the  data  sheets  just  mentioned,  those  deal- 
ing v/ith  the  annealing  samples  will  be  considered  first.    A:  is 
well  known,  permeability  is  increased  by  annealing.     This  fact  is 
clearly  demonstrated  in  th-  change  from  the  initial  condition  of 
the  samples  to  the  first  peraod  of  anneal ino:.     The  increase  of 
permeability  at  this  point  avera5;es  6.0  per  cent  for  wrouctht  iron, 
a  per  cent  for  soft  steel,  and  13.6  per  cent  for  cast  steel.    The 
averages  are  given  as  the  average  values  of  the  two  r.ethods  of 
testinf?.     Since  in  their  initial  conditions  the  samples  were  very 
hard  after  the  chilling  process  mentioned  previously,  the  effect  of 
the  first  annealing  is  very  noticeable.     Subsequent,  however, 
do  not  show  the  variations  that  were  expected.     V/hat  little 
variatio  that  is  ahown  is  most  noticeable  for  the  lower  values  of 
magnetizine:  force;  the  maximum  values  average  nearly  constant  for 
the  permeability.     Some  of  the  samples  show  values  that  are  far 
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from  satisfactory;  however,  the  sarae  sample  was  tesed  each  time 
under  as  constant  conditions  as  it  was  possible  to  maintain.    As  a 
matter  of  fact,  longer  periods  of  heating  would  have  given  better 
results,  perhaps,  but  the  time  required  for  such  heating  was  not 
at  our  disposal.    Assuininc:  that  the  materials  tested  were  to  be 
used  for  electrical  purposes,  it  may  be  said  that  the  permeability 
would  nnly  be  slightly  improved  even  by  heatine  at  I8OOO  y,    for 
four  hours.    If  the  materials  v/ere  to  be  us'd  under  the  conditions 
of  strong  magnetixation,  practically  no  change  of  permeability 
would  be  effected  by  the  annealing  temperatures  and  the  lengths  of 
heating  that  we  employed. 

Considering  the  data  obtai-^ed  from  the  tension  samples,  the 
results  probably  nearest  the  triith  under  such  conditions  are  th6se 
obtained  with  cast  steel  on  the  ina,gnetic  balance.     These  show 
that  the  value  of  permeability  tends  to  become  lees  as  the  tension 
is  ircr.,c!33d  as  is  generally  believed  to  be  the  case.     The 
effect  of  tension  seems  to  be  the  most  pronounced  with  east  steel; 
with  wrought  iron  the  permeability  remains  practically  constant 
throughout  the  valties  of  tensions,  according  to  the  data  obtained 
on  the  magnetic  balance.    Apparently,  the  miaterials  tested 
could  be  subjected  to  stresses  as  high  as  their  elastic  limits 
without  greatly  im.pairing  their  permeability;  the  stresses  were 
only  aoplied  for  a  few  seconds  in  the  materials  tested. 

In  order  to  find  the  average  per  centa^e  variation  in  the 
results  of  the  two  tests  the  average  per  cent  difference  in  ' 
permeability  was  figur'-^d  for  each  set  of  conditions,  using  the 
results  obtained  on  the  balance  as- a  per  centage  basis.    Cut  of 
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thirty-five  tests  made,  the  pei^eameter  read  on  an  average  6  .f-Sf- 
hi^her   than  the  balance  in  1?  tests  and  7.75/^  lower  in  the  remainirs; 
twenty  tests.     Shat  is,  the  pe^ameter  indicates  a  little  over 
one  per  cent  lov/er  than  the  magnetic  balance,  taking  the  curve  as 
a  whole.    HowevBC  on  the  steep  portion  of  the  curves,  v/ith 
magnetizing^  force  of  20  G.G.3.  units  the  permeameter  averas-es 
about  Sf   less  than  the  balance;  on  the  flat  part  of  the  curves 
with  a  masinetizing  force  of  100  C.C/.S.  units,  the  permeameter  -iw^ia 
indicates  a  permeability  averaging  about  '^^f   hiccher  than  that  of 
the  balance. 

There  are  four*  principal  features  to  be  desired  in  an  instrumert 
designed  for  practical  magnetic  testing;  (1)  Samples  should  be 
easily,  quickly,  and  inexpensively  prepared;  (2)  The  method  of 
testing  should  be  rapid  and  yet  give  high  relative  accuracy;  (3) 
The  apparatus  should  be  simple  and  unaffected  by  vibrations, 
magnetic  fields,  etc.;  (4)  Instruments  should  be  direct  reading, 
requiring  little  or  no  calculation  in  deducing  results. 

Both  instruments  possess  the  advantages  of  the  first  feature ; 
the  samples  of  both  are  of  straiprht,  cylindrical,  bar  form.   Cwiner 
to  the  smaller  diameter  of  the  balance  samples,  extra  precautions 
must  be  taken  in  turning  up  the  bars  to  provide  a^rainst  the  sample 
springing  between  lathe  centers.     The  fact  might  be  mentioned 
that  though  the  permeameter  samples  were  finished  to  exact 
diameters  of  .575  inches  as  per  directions,  the  samples  could  not 
be  made  to  enter  the  p'^ripeameter  until  the  diameters  had  been 
reduced  about  .0??  inches,  some  driraing  beincr  required  eraen  then. 
With  regard  to  rapidijity  of  th'^  methods,  they  were  both  found 
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to  require,  on  an  average,  ten  minutes  to  obtain  one  half  of  a 
hysteresis  loop.     The  relative  accuracy  of  the  balance  is  on  the 
whole,  hicrher  than  that  of  the  permeameter ;  and  results  once 
obtained  on  the  balance  can  be  duplicated  .-nore  easi^^y  closely  -^win 
again  than  they  can  on  the  perniea'.Tieter ,  in  the  majority  of  cases. 
As  to  the  absolute  accuracy  of  the  methods,  the  only  wsy    to  estab--^ 
lish  this  would  be  a  comparison  of  results  obtained  by  the  bal'l  istJo 
method.    This,  of  course,  would  have  required  considerable  time, 
but  the  chances  are  that  the  balance  oossesscjthe  hicrhest 
absolute  accuracy  on  account  of  its  better  construction  and  greater 
sensitiveness . 

As  to  the  sim.plictty  of  the  instruments  alone,  the  m.aanetic 
balance  possess  the  prroMter  electrical  sim^plicity,  having  simply 
the  m.agnetizine:  coil.    The  permeanieter  circuits,  on  the  other 
Viand  are  somewhat  com:plicated,  as  seen  from  the  diaprram:  of  cennec- 
tions  preceding.     The  magnetic  balance,  hov/ever,  is  not  =^0 
simple  mechanically  as  is  the  p-^rTy.eameter ;  a  very"  hiG;h  errade  of 
skill  is  evidenced  in  the  perfection  of  th^  finish  of  the  various 
parts,  and  incident>3Iy ,  this  v/ould  m.ake  the  balance  the  more  costly 
instrument.    As  to  the  effect  of  vibrations  and  magnetic  fields, 
the  advantage  is  all  on  V?."?    sid^  of  the  p'^rm.eam.eter .     The 
passing  cf  ^"--vy   wagons  and  trains,  or  even  vall'inT  acrosr  th-^ 
floor,  m.ake  accurate  readinfi:s  impossible  on  the  balance;  and  lihe 
trouble  of  neutralizing  magnetic  fields  v;ith  the  compensating 
magnet  has  been  mientioned. 

Both  the  m.agnetic  balance  and  the  p'^rm.'=am;eter  possess  the  ad- 
vantageof  being  direct  reading  instrumients ,  to  an  equal  degree. 
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The  only  occasion  for  doinp;  any  calculating:  is  when  it  is  desir2d 
to  chanp;e  from  one  systeni  of  units  to  another.    The  C.G.S.  system 
was  us'^'d  in  all  our  dc.ta  and  curves;  as  th-^  balance  is  based  or 
this  system  no  change  whatever  w-.s  made  in  its  readings;  but  tc 
change  the  ampere-turns  per  inch  on  the  perriea.meter  to  G.C.'i.   units 
of  magnetizin.rr  force  it  was  only  necessary  to  multiply  tae  ampere- 
turns  per  inch  by  the  constant  .495;  and  the  induction   density  in 
lines  per  square  inch  as  obtained  on  the  permeameter  was  divided 
by  ^.4P  to  give  lines  per  square  centim.eterL' 

The  four  principal  features  of  the  instruments  as  previously 
enumerated  have  oeen   covered  in  the  above  discussion,  but  a  few 
minor  considerations  m.ay  be  added.     In  the  matter  of  auxiliary 
apparatus  the  two  instruments  have  in  com.mon  ,  storage  cells, 
reversing:  switch,  ammieter,  and  variable  resistance;  the  permeam:eter 
voltm.et'^r  was  also  intended  tb  used  as  an  ammeter  so  these  t'vo 
instrum-ents  miay  be  considered  a;:  one.    The  range  of  the  resistance 
for  the  balance  is  enorm.ously  greater  than  that  required  fot  the 
permeameter,  but  it  is  not  difficult  to  obtain  this  range  of 
resistance  by  using  incandescent  lamps.     In  addition  to  the 
apparatus  in  common  for  the  instruments  as  m.entioned  above,  t*ie 
permeam.eter  requires  a  driving  motor  and  some  m^elhhod  of  speed 
control,  such  as  a  tuninp:  fork.    The  permeamieter  requires  a  larsrer 
amount  of  energy  th?:n  the  balance,  ten  amiperes  being  the  constant 
m.agnetizing  current.    This  comparatively  large  value  of  current 
has  the  disadvantacje  of  heatins'  thp  test  piece  considerabiy ,  if  it 
is  left  for  any  length  of  time  in  the  perm.eameter,  and  this  has  its 
effect  on  the  values  of  induction.     One    thing  notic^ble  &t  tim^es 


with.  :  the  pprmeaneter  is  that  the  voltmeter  v/ill  fluctuate  five  ( 
or  ten  scale  divisions  even  though  the  speed  is  beint-  hf'ld  as 
nearly  constant  as  at  othr-r  tirres  when  the  reacinccs  are  nearly 
absojutejv  steady.    Cf  co-.irse,  in  sudfe  cases  only  a  rouph  average 
reading  can  he  taken.     This  fluctuation  is  most  naticaole  for 
high  values  of  induction  and  probably  occurs  in  cases  where  the 
sample  has  a  hicrh  value  of  perni'^^aiDility .     Anethe?"  thing  against 
the  peririeaineter  is  th*^-  impossibility,  as  we  found  it,  of  obtainins 
those  portions  of  a  hysteresis  loop  cccurincr  in  the  second  and  '' 
fourth  quadrants  as  waspointed  out  before.     The  permeaineter  also 
requires  two  operators,  one  to  take  the  readings  and  another  to  ke^ 
the  speed  constant;  the  magnetic  balance  may  be  worked  by  one  ppei'-«t 
ator  as  was  done  several  times.     The  chance  for  personal  error 
is  ,G:reater  '-ith  the  balarc,  dependin.e  on  tlis  manner  in  which  the 
rider  is  pushed  along  the  scale. 

.Sum.m.ing  up,  then,  the  choice  of  the  two  instrum.ents  seems  to 
fall  upon  the  magnetic  balance  whose  worst  faults  are  its 
sensitivenessto  vibrations  and  magnetic  fields.     V'ith  proper 
precautions  against  interference  from  these  tw--^  sources  of  error, 
the  magnetic  balance  wi'l  be  found  to  give  results  thoroughly 
consistent  and  accurate. 
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Data  for  B-H  Curve  of  Wrought  IronCl)  in  Initial  Oondititn, 
Obtained  on  Magnetic  Balance. 
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Data  for  B-H  Curve  of  i7rought  iron  (A)   in  Initial 
Conclition, 
Obtained  fr-om  Esterline's  Peraeameter 
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Data  for  B-H  Curve  of  7/rought  Iron  (l)  After  Heating  for 
Twp.'iHours  at  750°F, 
Obtained  on  Magnetic  Balance 
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Data  for  B-H  Curve  of  TJrought  Iron  (A)  After  Heating  for 
Two  Hours  at  7501  Degrees  F. 
Obtained  from  Esterline's  Permeameter 
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Data  for  B-H  Curve  of  17rought  Iron  (1)  After  Heating  for 
FDur  Hours  at  750°P. 
Obtained  on  Magnetic  Balance 
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Data  for  B-H  Curve  Of  Wrought  Iron  (A)  After  Heating  for 
Fours  Hourr  at  750  P. 
Obtained  on  Esterline's  Permeameter 
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Data  for  B-H  Curve  Of  Wrought  Iron   (A)  After  Heating  for 
Fours  Hourr    at  750  P. 
OlDtained  on  Esterline's  Perraeameter 
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Data  for  B-H  Curve  of  Wrought  Iron  (l)  After  Heating  for 
Two  Hours  at  1000°F. 
Obtained  on  Magnetic  Balance 
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Data  for  B-H  Curve  of  Wrought  Iron  (a)  After  Heating  for 
fwp  Hours  at  1000°F. 
Obtained  on  Ssterline's  Permeameter 
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Data  for  B-H  Curve  of  T/rought  Iron  (l)  After  Heating  for 
Four  Hours  at  lOOOop. 
Obtained  on  Magnetio  Balance 
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Data  for  B-H  Curve  of  Wrought  Iron  (a)  After  Heating  for 
Four  Hours  at  1000°P. 
Obtained  on  Esterllne's  Permeaneter 
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Data  for  B-H  Curve  of  Wrought  Iron  (l)  After  Heating  for 
Two  Hours  at  1800°F. 
Obtained  on  Magnetic  Balance 
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Data  for  B-H  Curve  of  Y;rought  Iron  (A)  After  Heating  for 
Two  Hours  at  1800°P. 
Obtained  on  Esterline's  Permeameter 
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Data  for  B-H  Curve  of  Wrought  Iron  (l)  After  Heating  for 
Pour  Hours  at  1800°F. 
Obtained  on  Magnetic  Balance 
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Data  for  B-H  Curve  of  Wrought  Iron  tA)   After  Heating  for 
Four  Hours  at  ISOO^F. 
Obtained  on  Esterline's  Permeameter 
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Data  for  B-H  CURVE  of  Soft  Steel  in  Initial  Condition. 


Obtained  on  Magnetic  Balance 
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Data  for  B-H  Ourve  of  Soft  Steol  inlnitial  Condition. 
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Data  for  B-H  CUrve  of  Soft  Steel (2)  After  Heating  for  Two 

Hours  at  750  P. 
Obtained  on  Magnetic  Balance 
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Data  for  B-H  Curve  of  Soft  Steel    (B)   After  Heating  for  Two 
Hours  at  VSO'^F. 
0T3tained  on  Esterline's  Permearaeter 
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Data  for  B-H  Curve  of  SOi-'T  STEEL  (2)  After  Heating  for  Pour 
Hours  at  750°P. 
Obtained  on  Magnetic  Balance 
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Data  for  B-H  Curve  of  Soft  Steel  (b)  After  Heating  for  Four 
Hours  at  750'^P. 
Obtained  on  Esterline's  Permeameter 
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Data  for  B-H  Curve  of  Soft  Steel  (2)  /jfter  Heating  for  Two 
Hours  at  1000°P. 
Obtained  on  Magnetic  Balance 
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Data  for  B-H  Curve  of     Soft  Steel    (b)  /ifter  Heating  Fod  Two 
Hotirs  at   1000°P. 
Obtained  on  Esterline's  PErmearaeter 
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Data  for  B-H  Curae  of  Soft  Steel   (2)  After  Heating  for  Four 
Hours  at  1000°F. 
Obtained  on  Magnetic  Balance 
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Data  for  B-H  Curvs  of  Soft  Steel (B)  After  Heating  for  FOUR 
Hours  at  lOOOop. 
Obtained  on  Esterline's  Permeameter 
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Data  for  B-H  Curve  of  Soft  Steel  (2)  After  Heating  for  Two 
Hours  at  IGOO^F. 
Obtained  on  Magnetic  Balance 


B 

H 

B 

H 

10150 

101.00 

2200 

-2.00 

18700 

68.40 

sr3500 

-3.80 

IB  150 

40.00 

-12000 

_6.00 

17450 

20.00 

-12450 

-6.00 

16200 

10.00 

-12700 

-10.00 

13000 

3.00 

-14700 

-14.00 

10500 

0.0 

-16000 

-20.00 

-17350 

.-30.00 

^17630 

-10.00 

-18500 

-71.00 

-19200 

-101.00 

■io'i  a-ctx  ■ 


aoH 


r>n . 


^O?*"!- 


)03I- 


03IGI 

00781 

00231 
OOOSI 

00301 


Data  for  B-H  Curve  of  Soft  Steel  (e)  After  Heating  for  T^vo 
Hours  at  1800°F. 
Obtained  onEstcrline *g  Perraeametor 
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Data  for  B-H  Curve  of  Soft  Steel  (2)  After  Heating  for  Four 
Hours  at  1800°?. 
Obtained  on  Magnetic  Balance 
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Data  for  B-H  Curve  of  Soft  Steel  (b)  After  Hwating  for  Four 
Hours  at  1S00°F. 
Obtained  on  Esterline's  Perraearaeter 
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Data  for  B-H  Curve  of  Cast  Steel  (?)   in  Initial  Condition, 
Obtained,  on  Magnetic  Balance 
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Data  for  B-H  Curve  of  Cast  Steel  (?)  in  Initial  Condition, 
Obtained,  on  Magnetic  Balance 


B 

H 

B 

H 

16000 

101.00 

8000 

-3.00 

15650 

80.00 

5400 

-6.00 

15300 

60.00 

1$C0 

-8.00 

14500 

40.00 

-1100 

-10.00 

13800 

30.00 

-6000 

-14.00 

13400 

26.00 

-7300 

-16.00 

12650 

20.00 

-9000 

-20.00 

12300 

16.00 

-10750 

-26.00 

12050 

14.00 

-12000 

^30.00 

11600 

10.00 

-12500 

-40.00 

llfOO 

8.00 

-14300 

-62.00 

10630 

6.00 

-15150 

-80.00 

9850 

5.00 

-15900 

-102.00 

9400 

0.0 

00,01 


Data  for  B-K  Curve 
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(C)  in 

Initial  Condition 
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Data  for  B-H  Curve  of  CastSteel  (3)  After  Heating  for  Two 
Hoiirs  at  750°P. 
Obtained  on  Magnetic  Balance 
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Data  for  B-H  Curve  of  Cast  Steel  (C)  After  Heating  for  Two 
HoxTPs  at  750°Po 
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Data  for  B-H  Curve  cf  Cast  Steel  (C)  After  Heating  for  Pour 
Hours  at  750°P. 
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Data  for  B-H  Curve  of  Cast  Steel  (3)  After  Heating  For  Two 
Hours  at  lOOO^F". 
Obtained  on  Magnetic  Balance 
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Data  for  B-H  Curve  of  Cast  Steel  (C)  After  Heating  for  Two 
Hours  at  lOOOOPo 
Obtained  on  Esterline's  Permearaeter 
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Data  for  E-E  Curve  of  Cast  Steel  (3)  After  Heating  for  Four 
Hours  at  lOOO^F. 
Obtained  on  Magnetic  Balance 
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Data  for  B-H  Curve  of  Oast  Steel  (C)  After  Heating  for  Four 
Hours  at  lOOO'^F. 
Obtained  on  Esterline's  Permeameter 
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Data  for  B-H  Curve  Cf  Cast  Steel  (3)  After  Heating  for  Two 
Horn's  at  1800°F. 
Dbtained  on  Magnetic  Balance 
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Data  for  B-K  Curve  of  Cast  Steel  (C)  After  Heating  for  Two 
Hovirs  at  1800°F. 
Obtained  en  Esterline's  Permeameter 
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Data  for  B-K  Curve  of  Cast  STeel  (3)  After  Heating  for  Four 
Hours  at  ISOOOp. 
Obtained  on  Magnetic  Balance 
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Data  for  B-H  Curve  of  Cast  Steel  (C)  After  Heating  for  Pour 
Hours  at  1800°F. 
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Data  for  B-H  Curve  of  Wrought  Iron  (4)  in  Initial  Condition. 
Obtained  on  Liagnetio  Balance 
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Data  for  B-  H  Curve   of  'brought   Iron   (D)    in  Initial   Condition. 
Obtained  on  Ssterline's  Perraeaineter 
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Data  for  B-H  Curve   of  IVrought   Iron   (4)  After  Being  Sub;|ectecl 
to   a  Tension  of  5000  Pound^/Sq,    In. 
Obtained  on  Liagnetic  Balance 
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19150 

100.00 
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-2.20 
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Data  for  B-H  Curve  of  Wrought  Iron  (d)  After  Being  Subjected 
to  a  Tension  of  5000  Ibs./sq.in. 
Dbtained  on  Esterline's  Permaameter 
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Data  for  B-H  Ciirve  of  brought  Iron  (4)  After  Being  Su"bjected 
to  a  Tension  of  15000  lbs  ./sq..in. 
Obtained  on  Magnetic  Balance 
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Dbtained  on  Bsterline's  Perineaibeter 
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Data  for  B-H  Curve   of  T/rought   Iron   (4)   /^fter  Being  Subjeoted 
to   a  Tension  of  22000  Ibs./sq.in. 
Obtained  on  Magnetic  Balance 
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Data  for  B  -H  Curve  of  \7rought  Iron  (d)  After  Being  Subjected 

to  a  Tension  of  22000  Ibs./sq.in. 
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Data  for  B-H  Curve  of  Soft  Steel  (5)  in  Initial  Condition. 
Obtained  on  Magnetic  Balance 
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Data  for  B-H  Curve  of  Soft  Steel  (5)  After  Being  Subjected 
to  a  Tension  of  5000  Ibs./sq.in. 
Obtained  on  Magnetic  Balance 
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Data  for  B-H  Curve  of  Soft  Steel  (5)  After  Being  Subjected 
to  a  Tension  of  15000ibs/sq.in. 
Obtained  on  Llae-netic  Balance 
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Data  for  B-Ii  Curve  of  Soft  Steel  (E)  After  Being  Subjected 
to  a  Tension  of  15000  Ibs./sq.in. 
Obtained  on  Esterline's  Permeameter 
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Data  tor   B-H  Curve  of  Soft  Steel  (5)  After  Being  SuTDJected 
to  a  Tension  of  25000  Ibs/sq.in. 
Obtained  on  Maprietic  Balance 
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Data  for  B-H  Ciirve  of  Soft  Steel  (E)  After  Being  Subjected 
to  a  Tension  of  25000  Ibs./sq.in. 
Obtained  on  Esterline's  permearaeter 
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Data  for  B-H  Curve  of  Soft  Steel  (5)  After  Being  Subjected 

to  a  Tension  of  50000  lbs ./sq.in. 

Obtained  on  Maprietic  Bala  nee 
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Data  for  B-H  Ciirve  of  Soft  Steel  (s)  After  Being  Subjected 
to  a  Tension  of  50000  Ibs./sq.in. 
Obtained  on  Esterline's  Permcaraster 
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Data  for  B-H  6urve  of  Castt  Steel  (6)  in  Initial  Condition, 
Obtained  on  Magnetic  Balance 
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Data  for  B-H  Curve  of  Cast  Steel  (f)  in  Initial  Condition, 
Obtained  on  Esterline's  Permearaeter 
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Data  for  B-H  Curve  of  Cast  Steel  (6)  iVfter  Being  Subjected 
to  a  Tension  of  11920  Ibs./sq.in. 
Obtained  on  Ilagnetlc  Balance 
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Data  for  B-H  Ciirve  of  Cast  Steel  (F)  After  Being  Subjected 
to  a  Tension  of  11920  Ihs./sq.ln. 
Obtained  on  Esterline's  Si^XcSji^cT'^^  '^^ 
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Data  for  B-H  Curve  o:fCast  Steel  (6)  After  Being  Subjected 
to  a  Tension  of  50000  Ibs./sq.in. 
Obtained  on  Magnetic  Balance 
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Data  for  B-H  Curve  of  Cast  Steel  (F)  After  Being  Subjected 

to  a  Tension  of  30000  Ibs./sq.in. 

Obtained  on  Esterline'sPerraeameter 
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Data  for  B-H  Curve  of  Cast  Steel  (6)  After  Being  Subjected 
to  a  Tension  of  50000  lbs./sq..ln. 
Obta-lned  on  Magnetic  Balance 
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Data  for  B-H  Curve  of  Cast  Steel  (6)  After  Being  Subjected 
to  a  Tension  of  90000  lbs./sq..in. 
Obtained  on  Hacrnctic  Balance. 


B 

H 

E 

H 

14300 

99.32 

9000 

-2.00 

14000 

64.00 

8700 

-4.66 

12900 

40.00 

8500 

-6  .63 

12100 

26.00 

8200 

-3.00 

11250 

16.00 

74-00 

-10.00 

10600 

10.00 

6800 

-12.00 

10000 

3.00 

5300 

-14.00 

9600 

2.00 

3700 

-16.00 

9050 

0.0 

2200 

-18.00 

60 

-20.00 

0 

-24goo 

-6S00 

-36.00 

-8200 

-40.00 

-9150 

-46.20 

-11100 

-56.50 

-12550 

-71.20 

-13750 

-84.00 

-14700 

-102.40 
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Data  for  B-H  Curve  of  Cast  Steel  (F)  After  Being  Subjected 
to  a  Tension  Of  90000  lbs./  sq.in. 
Obtained  on  Esterline's  Permeameter 


95000 

7=^ 

14720 

A. 

1000 

99.00 

92000 

14250 

800 

79.20 

91000 

14100 

600 

59  -40 

70000 

10850 

4-00 

39.60 

68000 

10550 

320 

31.60 

66000 

10220 

240 

23.76 

50000 

7750 

120 

11.88 

36000 

5580 

40 

3.96 

32000 

4960 

0 

0.0 

-2000 

-310 

-160 

-15.84 

-14000 

-2170 

-200 

-19.80 

-24000 

-3720 

-240 

-23.76 

-30000 

-4650 

-280 

-27.72 

-50000 

-7750 

-360 

-35.64 

-60000 

-9300 

-440 

-43.56 

-74500 

-11500 

-560 

-55.44 

-87000 

-13500 

-720 

-71.28 

-98500 

-15260 

-880 

-87.12 

-103000 

-16000 

-1000 

-99.00 
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-Wrought  Iron  Tension  Samples- 
Perraeatility  values  obtained  from  curves. 

Magnetic  Balance    P^rraeameter 


Tension 
Ibs./sq.in. 

H 

J" 

H 

J" 

20 

813 

20 

640 

Initial 
Coiidition 

40 

60 

451 
312 

40 

60 

390 
278 

80 

239 

80 

215 

100 

193 

100 

176 

20 

808 

20 

710 

40 

444 

40 

429 

5000 

60 

309 

60 

304 

80 

238 

80 

238 

100 

193 

100 

144 

20 

825 

20 

685 

40 

456 

40 

408 

10000 

60 

318 

60 

290 

80 

243 

80 

230 

lOiO 

197 

100 

186 

20 

810 

20 

S35 

40 

443 

40 

474 

15000 

60 

307 

60 

333 

80 

237 

80 

259 

100 

193 

100 

^13 

20 

823 

20 

708 

40 

450 

40 

434 

22000 

60 

312 

60 

308 

80 

238 

80 

241 

100 

193 

100 

199 
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-Soft  Steel  Tension  Samples- 
Permeabilmty  values  obtained  from  curves. 

Magnetic  Balance    Permeaineter 


Tension 

lbs  ./sq.«in. 

8 

J" 

H 

^ 

20 

840 

20 

708 

^P 

452 

40 

399 

Initial 

Condition 

60 

311 

60 

281 

80 

238 

80 

218 

100 

194 

100 

179 

ep 

835 

20 

790 

40 

446 

40 

438 

5000 

60 

306 

60 

304 

80 

237 

80 

261 

:100 

192 

100 

202 

20 

840 

20 

808 

40 

451 

40 

440 

15000 

60 

310 

60 

310 

80 

237 

80 

243 

100 

191 

100 

199 

20 

840 

20 

830 

40 

450 

40 

485 

25000 

60 

308 

60 

338 

80 

236 

80 

261 

100 

192 

100 

213 

20 

SOO 

20 

755 

40 

435 

40 

445 

50000 

60 

298 

60 

318 

80 

230 

80 

248 

100 

198 

100 

204 
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-Cast  steel  Tension  Gamples- 
Perme ability  values  obtained  from  curves. 

Magnetic  Balance    Permeataiter 


Tension 
lbs ./sq.in. 

H 

J" 

H 

^ 

2t 

51S 

20 

410 

Initial 
Condition 

40 
60 

335 
352 

40 
60 

306 
228 

80 

200 

80 

183 

100 

165 

100 

152 

20 

440 

20 

465 

40 

344 

40 

338 

11900 

60 

256 

60 

247 

80 

200 

80 

195 

100 

134 

100 

161 

20 

495 

20 

440 

40 

360 

40 

315 

30000 

60 

262 

60 

236 

80 

207 

80 

189 

100 

171 

100 

159 

20 

490 

20 

470 

40 

325 

40 

324 

50000 

60 

248 

60 

255 

80 

196 

30 

204 

100 

162 

100 

170 

20 

258 

20 

285 

40 

254 

40 

260 

90000 

60 

216 

60 

213 

80 

173 

80 

180 

100 

147 

100 

153 
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-V;rou^ht  Iron- 
Annealing  Samples 
Perracability  values  obtained  from  curves. 

Magnetic  Balance     Permeameter 
Temp.    Time    H         M        H 


Initial 
Condition 


20 

40 

60 

GO 

100 


1800°F. 


2  hrs . 


4  hrs. 


20 
40 
80 
80 
100 

20 

40 
60 

80 
100 


815 
466 
327 
250 

203 


865 
450 
307 
234 
189 

920 

475 
325 

247 
201 


20 
40 
60 

80 
100 


20 
40 
60 
80 
100 

20 
40 
60 

80 
100 


733 
422 
300 
233 
192 


20 

C70 

20 

785 

40 

473 

40 

430 

2  hrs. 

60 

327 

60 

297 

80 

250 

SO 

230 

100 

202 

100 

187 

750°P. 

20 

865 

20 

775 

40 

456 

40 

422 

4  hrs. 

60 

313 

60 

295 

80 

240 

80 

229 

100 

194 

100 

188 

20 

870 

20 

945 

40 

455 

40 

495 

2hrs. 

60 

311 

60 

340 

80 

237 

80 

259 

100 

193 

100 

211 

lOOO^F. 

20 

865 

20 

925 

40 

450 

40 

497 

4  hrs . 

60 

308 

60 

344 

80 

236 

SO 

265 

100 

192 

100 

;  215 

963 
504 
350 
270 
222 

880 
460 
320 
244 
199 
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-Soft  Steel- 
Annealing  Samples 
PermeaTDility  values  obtained  from  curves 


Magnetic 

Balance 

Permeamet 

er 

Temp .    Time 

H 

J" 

H 

/ 

20 

855 

20 

690 

Initial 

40 

455 

40 

382 

Condition 

60 

310 

60 

271 

80 

240 

80 

212 

100 

192 

100 

176 

20 

815 

20 

750 

40 

442 

40 

417 

2  hrs. 

60 

306 

60 

292 

80 

234 

80 

227 

100 

190 

100 

187 

750°F. 

20 

840 

20 

800 

40 

455 

40 

444 

4  hrs. 

60 

315 

60 

308 

80 

243 

80 

237 

100 

196 

100 

196 

20 

880 

20 

955 

40 

462 

40 

510 

2  hrs. 

60 

315 

60 

352 

80 

240 

80 

270 

100 

194 

100 

218 

1000°F. 

20 

865 

20 

865 

40 

460 

40 

460 

4  hrs. 

60 

516 

60 

520 

80 

242 

80 

246 

100 

196 

100 

201 

20 

830 

20 

850 

40 

447 

40 

473 

2  hrs. 

60 

308 

60 

340 

80 

236 

80 

266 

100 

192 

100 

218 

1800OF. 

20 

820 

20 

830 

40 

442 

40 

460 

4  hrs . 

60 

307 

60 

320 

80 

235 

80 

248 

100 

190 

100 

202 
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-Cast  Steel- 
Annealing  Samples 
Permeability  values  obtained  from  curves. 

Magnetic  Balance  Perraeameter 
Temp.    Time     H       ii        H 


20 

540 

20 

410 

Initial 

40 

340 

40 

300 

Condition 

60 

243 

60 

225 

80 

183 

80 

178 

100 

160 

100 

150 

20 

625 

20 

525 

40 

372 

40 

325 

2  til's. 

60 

263 

60 

242 

80 

205 

80 

195 

100. 

168 

100 

163 

750°P. 

20 

D 

20 

425 

40 

N.  ;a 

40 

312 

4-  hrs . 

60 

0  t 

60 

235 

80 

a 

80 

187 

100 

• 

100 

155 

20 

610 

20 

500 

40 

570 

40 

375 

2  hrs. 

60 

261 

60 

280 

80 

204 

80 

222 

100 

166 

100 

185 

1000°F. 

20 

632 

20 

475 

40 

356 

40 

316 

4  hrs . 

60 

255 

60 

252 

80 

201 

80 

201 

100 

165 

100 

167 

20 

600 

20 

560 

40 

358 

40 

380 

2  hrs. 

60 

257 

60 

280 

80 

202 

80 

224 

100 

167 

100 

186 

1800°P. 

20 

630 

20 

^05 

40 

373 

40 

345 

4  hrs. 

60 

267 

60 

259 

80 

208 

80 

205 

100       171       100       180 
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